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ABSTRACT 

Nutrient and energy digestibility of feeds were determined in four experiments on saddle horses by 
both the conventional and lignin methods. The following feeds were analysed: meadow hay plus oats; 
meadow hay; meadow hay plus triticale and pasture forage. Similar digestibility coefficients of 
nutrients in the meadow hay-oats ration were obtained by both methods. The differences in these 
coefficients in the hay-triticale and meadow hay rations were greater and fat digestibility in these 
feeds was negative. The greatest differences were found for the forage ration. 

Lignin recovery from faeces ranged from 98 to 101% for grain - hay and hay rations, and only 
87% when forage was fed. 
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INTRODUCTION 

In studies on the nutritive values of horse feeds, no satisfactory indicator 
method has yet been developed to determine digestibility coefficients in horses 
allowed freedom of movement. Fuchs et al. (1992) and Zeyner et al. (1992) used 
4N HC1 insoluble ash as an indicator. In our earlier experiments (Chachułowa et 
al., 1993) we added chromic oxide or cellite to horse feed, which increased the 
amount of insoluble ash in the ration and digestibility indexes were determined in 
relation to them. Cr 2 0 3 was found to be unsuitable since it was very difficult to 



240 CHACHULOWA J. ET AL. 

mix evenly with feeds like hay and oats. Because the results were unsatisfactory, 
an attempt was made to use lignin, a natural component of feeds, as an indicator. 

The objective of the study was to compare the digestibility coefficients of 
nutrients and energy determined by conventional and lignin methods in feeds 
given to horses. 

MATERIAL A N D METHODS 

The experiment was conducted over 4 feeding periods on 4 to 6 half-breed 
gildings aged 6 to 8 years weighing about 560 kg. The horses were fed 3 times 
daily (7.00 am, 1 pm and 6 pm), with equal portions of their daily ration. The 
composition and amount of feeds are given in Table 1. The faeces collection 
period lasted 6 days and was preceded by a 7-10 day preliminary period. The 
horses were kept in stables with smooth concrete floors from which the faeces 
were collected. The daily portions of faeces from each horse were thoroughly 
mixed and 10% aliquots taken and conserved in chloroform. The conserved 
samples were stored in the refrigerator until the end of the collection period when 
all of the samples from each horse were mixed and the fresh matter nitrogen 
content was determined. The remaining part of the sample was partly dried at 
60°C and used for assay of the remaining nutrients. In order to assess the 
differences in the amount of lignin excreted with the faeces during the day, 
samples were taken in the morning (8.00 A M ) and evening (6.00 PM) in the 
second and third period of study. 

The chemical composition of the feeds and faeces were determined by 
conventional methods; lignin according to Van Soest (1973); gross energy using 
a K-10 calorimeter. 

The results were analysed statistically using single factor analysis. 

RESULTS 

The chemical composition of the feeds is given in Table 1. The composition of 
the hay fed during the first period was the equivalent of meadow hay from the 
first cut at ear emergence (Nutrient Requirements of Horses, 1991). The quality 
of the meadow hay during the successive feeding periods was worse since it was 
harvested after grasses had flowered. 

The digestibility coefficients of nutrients determined in the first period for the 
hay-oats feed were greater than for the remaining feeds and the best consistency 
between results as determined by the conventional and lignin methods was 
found. The digestibility of the nutrients in the hay-triticale feed was worse and 
the results of both tested methods were not as consistent. During the second 
period when meadow hay was the sole feed, digestibility coefficients were 
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TABLE 3 
Recovery of lignin in the faeces, % 

Period Number of horses Recovery of li gnin, % and SD 
1 6 98.8 + 1.02 
2 6 98.0 ±2.50 
3 5 101.0 + 2.30 
4 4 86.7 + 9.02 

TABLE 4 
Content of lignin in the faeces of horses, % 

Lignin, % 

goo 
period 2 

, g 0 0 gOO 

period 3 
J gOO 

A 3.57 4.20 4.30 4.25 
B 3.08 3.62 2.69 3.39 
C 3.74 3.24 3.45 3.30 
D 3.07 3.30 2.74 2.91 
X 3.36 3.59 3.29 3.46 

SD + 0.342 + 0.439 + 0.754 ±0.565 

considerably lower. During these first three periods the correspondence between 
the digestibility coefficient as determined by both methods was more or less 
satisfactory. During the fourth period when pasture forage was fed as the sole 
feed, the mean digestibility coefficients as determined by the conventional 
method were 21.1 units higher for organic matter, 17.3 units for crude protein, 
28.7 units for raw fat, 24.9 for raw fibre, 19.4 for N-free extractives and 22.1 for 
energy than estimated by the lignin method. 

Fat digestibility in the diet composed exclusively of hay or of hay with triticale 
was zero or negative. 

Significant individual differences in digestibility coefficients were found 
among horses, especially when they were fed forage. 

Between periods 1 to 3, i.e. when the hay-oats, hay and hay-triticale rations 
were fed, lignin recovery from faeces ranged from 98 to 101 %; when forage was 
fed, recovery was only about 87% (Table 3). 

No major differences were found between the average lignin content in faeces 
samples collected in the morning and evening (Table 4). 

Table 5 presents the nutritive value of the rations calculated on the basis of the 
chemical composition of the feeds and digestibility coefficients determined using 
the conventional and lignin methods. 



T
A

B
L

E 
5 

N
ut

ri
tiv

e 
va

lu
e 

of
 r

at
io

ns
 

D
ig

es
tib

le
 

Pe
ri

od
 

M
et

ho
d 

R
at

io
n 

kg
 

D
ry

 m
at

te
r 

kg
 

G
ro

ss
 e

ne
rg

y 

M
J 

D
ig

es
tib

le
 

en
er

gy
 

M
J 

C
ru

de
 

pr
ot

ei
n 

g 

D
ig

es
tib

le
 

cr
ud

e 
pr

ot
ei

n 

g 

cr
ud

e 
pr

ot
ei

n 
g:

di
ge

st
ib

le
 

en
er

gy
 

M
J 

1 
to

ta
l 

co
lle

ct
io

n 
m

ea
do

w
 h

ay
 

oa
ts

, 
cr

us
he

d 
4.

5 
4.

5 
7.

5 
14

0 
92

.5
 

94
5 

64
8 

7.
0:

1 

lig
ni

n 
m

ea
do

w
 h

ay
 

oa
ts

, 
cr

us
he

d 
4.

5 
4.

5 
7.

5 
14

0 
92

.5
 

94
5 

64
4 

6.
9:

1 

2 
to

ta
l 

co
lle

ct
io

n 
m

ea
do

w
 h

ay
 

9.
0 

7.
6 

14
2 

64
.4

 
66

6 
24

3 
3.

7:
1 

lig
ni

n 
m

ea
do

w
 h

ay
 

9.
0 

7.
6 

14
2 

59
.5

 
66

6 
23

5 
3.

9:
1 

3 
to

ta
l 

co
lle

ct
io

n 
m

ea
do

w
 h

ay
 

4.
5 

7.
6 

14
3 

79
.4

 
72

9 
40

0 
5.

0:
1 

tr
iti

ca
le

 c
ru

sh
ed

 
4.

5 
7.

6 
14

3 
83

.9
 

72
9 

40
3 

4.
8:

1 

4 
to

ta
l 

co
lle

ct
io

n 
pa

st
ur

e 
fo

ra
ge

 
35

.0
 

9.
2 

17
1 

98
.7

 
12

49
 

85
5 

8.
7:

1 



244 CHACHULOWA J. ET A L . 

DISCUSSION 

Lignin used as an internal indicator of digestibility of nutrients in a meadow 
hay-oat feed given to horses gave similar results as when these coefficients were 
determined using a conventional method. They did, however, differ from values 
determined in a similar ration used in other experiments in which acid insoluble 
silica added to the feed and acid insoluble ash were used as indicators 
(Chachulowa et al., 1993). Greater differences between the conventional and 
indicator methods, although without statistical significance, were found in the 
second and third periods of the experiment when only hay or hay with triticale 
were fed. These differences were, however, smaller than those found by Fuchs et 
al. (1987), who used acid-insoluble silica. Shelle et al. (1980) determined the 
digestibility of nutrients in forage fed to horses using conventional and lignin 
methods and obtained similar results for both at a lignin recovery rate in faeces of 
98%. Similar recovery rates ranging from 98% to 101% were obtained in this 
experiment when hay plus oats, hay alone or hay plus triticale were fed. The 
lignin content of faeces collected at two different times of day did not differ 
significantly (Table 4). 

During the fourth period, when pasture forage was fed, nutrient digestibility 
as determined by the lignin method was 25 to 60% lower than determined 
conventionally, while lignin recovery equalled 86.7% (Table 2). These differen
ces in the values of digestibility coefficients determined by two different methods 
and in the recovery of lignin in the faeces when dry feed or forage were fed are 
difficult to explain without further studies on the variability of lignin com
position and digestibility, as well as on the variability of lignin content in forage. 
Other authors have also expressed scepticism in respect to using lignin as an 
indicator of digestibility experiments because of its undefined chemical com
position and its dependence on the period of vegetation, drying methods, 
degradability when quantitated and its partial digestion in the digestive tract, as 
has been found in experiments on ruminants (Fahey and Jung, 1983; Gebczyriska 
et al., 1974; Kowalczyk et al., 1976). 

The digestibility coefficients of fats when hay alone was fed or in combination 
with triticale, were negative or zero, which indicates higher excretion than 
ingestion of fats. Fat digestibility is dependent on the fat content in feed dry 
matter; when the fat content is higher, its digestibility also rises (Potter et al., 
1992; Sallman et al., 1992; Schulze, 1987). The fat content in feed dry matter was 
1.5% in the studied feeds. Only in the hay-oats feed was the fat: protein ratio 
optimal, equalling 1:3 (Prawochehski, 1950). It can thus be assumed that a higher 
energy content of the ration and a ratio of digestible protein to fat of not less than 
3:1 has a favourable effect on the digestibility of all the remaining components of 
the diet. Among the studied feeds, the nutritive value of hay plus oats was 
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highest, and its protein : energy ratio was close to the values given in Nutrient 
Requirements of Horses (1991). 

Naturally occurring lignin was found to be suitable for determining diges
tibility coefficients in horse feeds composed of hay, hay plus oats or hay plus 
triticale. When forage was given, however, lignin was unsuitable as an indicator. 
Its recovery in faeces was only 87% and digestibility coefficients were much 
lower than determined using the conventional method. Further studies are 
needed to explain this observation. 
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STRESZCZENIE 

Porównanie współczynników strawności pasz dla koni oznaczonych metodą ligninową i klasyczną 

W czterech doświadczeniach strawnościowych na 4 lub 6 koniach użytkowanych wierzchowo 
0 masie ciała około 560 kg oznaczono strawność składników pokarmowych i energii metodą 
klasyczną i ligninową następujących dawek: siano łąkowe z owsem, siano łąkowe, siano łąkowe 
z pszenżytem i zielonka pastwiskowa. 

Otrzymano zbliżone współczynniki strawności składników pokarmowych dawki siano-owies 
przy zastosowaniu obydwóch metod. Większe różnice były we współczynnikach strawności zestawu 
siano-pszenżyto i siano łąkowe. W dwóch ostatnich dawkach strawność tłuszczu była ujemna. 
Największe różnice między współczynnikami strawności stwierdzono przy skarmianiu zielonki. 

Odzyskanie ligniny w kale wahało się od 98 do 101 % przy skarmianiu dawek złożonych z ziarna 
1 siana lub samego siana, a tylko 87% przy podawaniu zielonki. 




